We study numerically the long-time dynamics of a system of reaction-diffusion equations that arise from the viscous forced Burgers equation (u + uu x -uuxx F). A nonlinear transformation introduced by Kwak is used to embed the scalar Burgers equation into a system of reaction diffusion equations. The Kwak transformation is used to determine the existence of an inertial manifold for the 2-D Navier-Stokes equation. We show analytically as well as numerically that the two systems have a similar, long-time dynamical, behavior for large viscosity u.
Introduction
In recent years, there has been growing interest in studying dynamical systems that arise from solving the initial value problems for nonlinear partial differential equations. Starting in the 1970's, similarities between the theories of ODEs and PDEs have been observed in the context of the qualitative theory of differential equations, especially in the case of parabolic PDEs. Henry [12] gives various examples of this trend, comparing the stability properties of PDEs to those of ODEs. Later, the work of J. Mallet-earet [17] , Ma [18] , and others opened up new avenues for understanding the long time dynamics of a more general class of dissipative PDEs. A similarity between the two fields were further strengthened by the results of Babin, Vishik, Constantin, Foias, Temam, and Ladyzhenskaya [1, 7, 10, 15, 20] that proved the finite dimensionality of the global attractor for the 2-D Navier-Stokes (N-S) equations. Because of the importance of the N-S equations in aerodynamics, oceandynamics, fluid mechanics, and hydrodynamic stability, the finite dimensionality of its attractor suggests that the dynamics on the attractor can be captured by a system of ODEs. Hence, the long-time dynamics of the PDEs is equivalent in some sense to the dynamics of a suitable system of ODEs. Smaoui [19] (1) with periodic boundary conditions u(2r, t)= u(O,t) and given initial value u(x,O)= Uo(X is a well known and well understood quasilinear parabolic equation. It first appeared in a paper by Bateman [2] and was used extensively by Burgers [4, 5] (1) is presented by Hopf [13] . In the present paper, we study the forced Burgers equation where the force is sinusoidal u + uu x uuxx = F(x). (2) Equation (2) 
w uwxz + v 2 + u2v-uF(x) with periodic boundary conditions u(2r, t) u(0, t), v(2r, t) v(0, t), and w(2r, t) w(O,t). The given initial conditions are specified as u(x, 0)= Uo(X), v(x,O)= Vo(X), and w(x, O) Wo(X). 
so that (u, v, w) J(u) satisfies the system of equations
with the periodic boundary condition given by J(u(O,t))= J(u(2r, t))and initial values given by J(uo(x)). In (6) , the prime denotes the derivative of the corresponding function. We apply this transformation to the forced Burgers equation 
Analytical Results
In this section, we prove that the steady state solutions of (7) and (8) coincide. Furthermore we note that solutions of (7) remain finite and (7) has a unique steady state solution for small force.
The forced Burgers equation
is transformed to 
The force h will be assumed to have zero mean so that by (11) the mean of u is conserved.
The solution of Equation (7) is treated as a solution of a reaction-diffusion system by introducing a nonlinear change of variables. Let u be a solution of Equation (7) 1 2 W)-J(u) satisfies Equation (8) . The mean and let J(u)-(u, Ux,-Tu ). Then (u, v, of u in (8) is conserved since h has zero mean and the mean of v is also conserved if h satisfies the periodic boundary conditions. However, the mean of w is not conserved.
To conserve the mean of w, we modify Equation (8) (8) 
(, t)
and (x, t) w(x, t) + 1/2u2(x, t). 
Conversely, any steady state solution (u,v,) of (30) 
we can multiply Equation (59) 
Numerical Results

Fourier Representation of the Transformed Burgers Equations
The quasilinear parabolic equation (71) is orthogonal to all test functions in SN, then a set of ODEs will be obtained.
The scalar Burgers equation in the Fourier space can be written as 1/2u2(x, t) and h(x) F(x)/,2, with u(2r, t) u(0, t) and u(x, O)-Uo(X). The rate of change with respect to the time of the mean of u and v in the above system is zero, but that of w is different from zero. We modify (75) so that the drift in the mean of w is normalized to 0, i.e., 
The transformed system in the Fourier space is ,(t, ) (74) and (81) were evaluated by performing all the multiplications in a physical space followed by the discrete Fourier transform to determine the corresponding Fourier coefficients. The aliasing error was removed by truncation, as it will be described in the next section.
Aliasing Removal by Truncation
The aliasing removal by truncation in the scalar Burgers equation proceeds in the manner described in [6] , which is the "2/3 rule". In the transformed system, the 2/3 rule is not appropriate because of the third order nonlinearity in the third equation of the system. The "de-aliasing" technique that is used in the transformed system involves the use of the discrete transform with M rather than N points, where In both cases, the steady state solutions converge with at least four accurate digits in 104 time steps, depending on u (when u is large, there is a critical slow down). The steady state solutions of the scalar Burgers equation was also used as the initial condition for the system and vice versa. After only one time step, the four digits of accuracy were observed. Figures 3 and 4 show the time evolution of u for the scalar Burgers equation and for the transformed system, respectively, but with a different forcing F(x) 3 cos 2x. (92) 
